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METHOD 309.0

DETERMINATION OF PERCHLORATE IN DRINKING WATER USING ION
CHROMATOGRAPHY

„.,,,,,,„,i. mmm
This method co\%s the detg
ground water, an^jfinishg f

le laboi
the ab

1.3

1.4

1.5

1.6

jation of perchlorate in reagent water, surface water,
water.

water Method Detection Limit (MDL, defined in Section
e is listed in Table 1. The MDL for a specific matrix may

^ depending upon the nature of the sample and the specific
instrumeWlitiSli®riployed"^^:.^>^m&t-w r J A

1.2.1 In order
must uti
be capabl
per minute

detection limits, an ion chromatographic system
detection, be properly maintained, and must

baselin^Bth no more than 5 nanosiemen (nS) noise/drift
responsje^l*|fe|rthe background conductivity.

This method is recommendeH|^^i^ri]y by or wider the supervision of analysts
experienced in the use of ion!||romatog1r|phy andfifi the interpretation of the resulting
ion chromatograms.

When this method is used to analyzl
identification should be supported by
The fortification procedure is described

Users of the method data should identify daf
of the method must demonstrate the ability to
procedures described in Section 9.0.

anion

lualijE||§|pc|ives prio^to analysis. Users
results, usiji

This method specifies an 1C column and analytical conditions whic,
be the most effective for the widest array of sample matrices,
been written which incorporate similar columns and condition
mobile phases, low hydrophobicity 1C columns, and measure

ined to

ydroxide
suppressed

conductivity detection.1"3 During the development of this metho^fthese other
procedures, as well as the columns and conditions outlined in this rriithod, were
concurrently investigated with comparable results for test matrices wiffRjpoderate levels
of common inorganic background anions. These findings were consistent with those of
the Inter-Agency Perchlorate Steering Committee, Analytical Subcommittee's Report4,
published in 1998, which reported on the results of an interlaboratory validation of these
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2. SI

other Ion Chromatographic Methods. The columns and conditions identified in this
method were recommended since they bore the highest tolerance for the very highest
levels of common inorganic anions interference.

sARY OF METHOD

me of sample (see Note), is introduced into an ion chromatograph (1C).
iarated and measured, using a system comprised of an ion

jnjection valve, guard column, analytical column,chromatographie»jmp, sa:
suppressor devicemnd cqtiJtJI ffity detector.

sfe*, .*$£ s^^&S '3&&&&T

pfop (1.0 mL) can be made using approximately 219 cm (86
Rich i.d. PEEK tubing. The exact volume is not critical since

les will use the same sample loop. However, the volume
5% of this volume by weighing the sample loop

deionized water and re- weighing the loop. The
by assuming the density of water is 1 ug/uL.volume

3. DEFINITIONS

3.1 sample|vvhich are analyzed within a 30 hour
sampleAAn Analysis Batch must also include

ibute ftjiithe maximum field sample total ofr

andard
(LRB

re than

ANALYSIS BATCH -- A
period and include no mon
all required QC samples, wH
20. The required QC sampl
• Instrument Performance Chec
• Laboratory Reagent Blank
• Initial Calibration Check Standard (I
• Laboratory Fortified Blank (LFB)
• Continuing Calibration Check Standard

10 field samples
• End Calibration Check Standard (ECCS)
• Laboratory Fortified Matrix (LFM)
• Either a Field Duplicate, a Laboratory Duplicate or a duplicate of thg
• (if treated samples included in batch) Pretreated LRB
• (if treated samples included in batch) Pretreated LFM, for ea
NOTE: Field samples that are diluted or pretreated are count||||fpfa the total of i20

in an analysis batch.

3.2 CALIBRATION STANDARD (CAL) -- A solution prepared fromlljyprimary dilution
standard solution(s) or stock standard solutions. The CAL solutions are|used to
calibrate the instrument response with respect to analyte concentration.
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3.3 INITIAL CALIBRATION STANDARDS -- A series of CAL solutions used to initially
establish instrument calibration and develop calibration curves for individual target
anions (Section 10.2).

, CALIBRATION CHECK STANDARD (ICCS) - A CAL solution, which is
jitially, prior to any field sample analyses, which verifies the previously

Jibration curve. The concentration for the initial calibration check standard
fMUST be atll|below the MRL (Section 3.17) level which is also the level of the lowest

calibration standttd (SectiooJjjP.l).

3.f

3.6

3.7

CONTINUING C|
lich is analyze

esJlqiished c
ten fie
standar
(Section

END CALIBR
analyzed after the
calibration curve an

'CHECK STANDARDS (cccs) -- A CAL solution
pfenth field sample analyses which verifies the previously

ve and confirms accurate analyte quantitation for the previous
plfzed. The concentration for the continuing calibration check

' either,:.alSSll|iddle calibration level or at the highest calibration level

(ECCS) -- A CAL solution which is
which verifies the previously established

quantitation for all field samples

CK
Sld sample ana

confirmsaccurate af:
analyzed since the last cont
should be either the middle*
10.3.2).

librationBfeck. The end calibration check standard
KlcontinuiiiJl.calibration check standard (Section

HELD DUPLICATES (FD) -- T^separate^
place under identical circumstan
laboratory procedures. Analyses of fie
with sample collection, preservation and

jcted at the same time and
: thT%arneJJhuaughput field and

jsil5fe!sr|e, as well ratoryiJfOcedures.

3.8 INSTRUMENT PERFORMANCE CHECICSOJ
a specific concentration of perchlorate and other
sulfate and carbonate) used to evaluate the perfor
respect to a defined set of criteria.

*C) ~ A%plution containing
fances (nam^chlodde,

of the instramei&jffiftwith

;n in3.9 LABORATORY DUPLICATE (LD) -- Two sample aliquots
the laboratory from a single sample bottle, and analyzed separa^^^pff*identical
procedures. Analyses of LD1 and LD2 indicate precision assooH^Tspecifically with the
laboratory procedures by removing variation contributed from sar^e collection,
preservation and storage procedures.

3.10 LABORATORY FORTIFIED BLANK (LFB) - An aliquot of reagent water, or other
blank matrix, to which a known quantity of perchlorate is added in the laboratory. The
LFB is analyzed exactly like a sample, and its purpose is to determine whether the
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methodology is in control, and whether the laboratory is capable of making accurate and
precise measurements.

3.11 LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of an
1 field sample to which a known quantity of perchlorate is added in the

iM^Hffl^K. The LFM is analyzed exactly like a sample, and its purpose is to determine
matrix contributes bias to the analytical result. The background

Fconcentrationlljf perchlorate, in the sample matrix, must be initially determined in a
d value in the LFM corrected for this background

3.12

separate aliquot
concentration.

LANK (LRB) - An aliquot of reagent water or other

equipmi
determi
the reagerf

3.13 LINEAR CALI
instrument respo

3.14 MATERIAL SAFETY
vendors concerning a cher
reactivity data including stor

exactly as a sample including exposure to all glassware,
ts that are used with other samples. The LRB is used to

interferences are present in the laboratory environment,

) - The concentration range over which the

T (MSDI^k- Written information provided by
healtnfflzards, physical properties, fire, and

spill, al^andlinllbrecautions.

3.15 MATRIX CONDUCTIVITY TR^HOLD
conductance of an unknown o
which is used to determine when or g
conductance of a sample matrix is propoi^^ffto the co
matrix (which contribute to the level of tofisfjldissolve
affect the integrity of this analysis. The valiuPfor.
conditions, hardware, and vitality of the hardw

The highest permitted
the analysis,

uired. The
ns prese^gn the

l|ywhich can greatly
Id is dej||ndant on the

•d. Conseqfl^ly.jtois
threshold is not method defined and must be d e t e r f i i a by the individual
laboratory during the Initial Demonstration of Capability (IDC) and cc
analysis batch using the Instrument Performance Check (IPC) Solujy|
conductivity is measured in microsiemens/cm (uS) or
considered equivalent terms.

vttieh are
%,

'W

3.16 METHOD DETECTION LIMIT (MDL) - The minimum concenfcon of an analyte
that can be identified, measured and reported with 99% confidence Tl||t the analyte
concentration is greater than zero.4'5

3.17 MINIMUM REPORTING LEVEL (MRL) - The minimum concentration that can be
reported as a quantitated value for a target analyte in a sample following analysis. This
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defined concentration can be no lower than the concentration of the lowest calibration
standard and can only be used if acceptable quality control criteria for this standard are
met.

TO HEIGHT RATIO (A/H) - The ratio of the peak area divided by the
which is used as a tool to monitor analytical performance. This ratio is used

monitor the MCT and represents an objective means of assessing
nalytical perfi||mance on high conductivity matrices. A gradual distortion of the

observed^khe retention time window for perchlorate as the matrixbaseline is typicl
. conductivity incr

lore significantly :
tortion of the

s (cj ith elevated levels for common anions) which will
eight relative to the influence on peak area. As the

p Uases, this ratio is influenced, and the integrity of the
"be compromised.

3.19 PROFK
- A certif
analyst. Often, an
and analyzed wii
as part of a labor;
laboratory to achie

3.20 QUALITY CONTROL S/
concentrations that is obtair
from the source of calibration^
with externally prepared test

kor PERFORMANCE EVALUATION (PE) SAMPLE
lalytes whose concentration is unknown to the

jtion is added to a known volume of reagent water
res usedT^^mples. Often, results of these analyses are used

Ertification to objectively determine the capabilities of a

- A sdffipon of method analytes of known
•om a solace extei^^to the laboratory and different
indards. rPfeivUseaWcheck laboratory performance
is. •1-*t̂ !a;-,.-.»-£« ŝ*;Sf*(-&;sL •• *•

3.21 STOCK STANDARD SOLUTION (S5
perchlorate which is either prepared in tt
or purchased from a reputable commercial1

icentratec
fatory usij

arce.
referene

id inorganic^nstitj
particulate filtraf

aterials

ent which3.22 TOTAL DISSOLVED SOLIDS (TDS) -- Both^
are dissolved in a sample matrix and are not remo^

4. INTERFERENCES

4.1 Method interferences may be caused by contaminants in the remggniSler, reagent
glassware, and other sample processing apparatus that lead to artifacts or
elevated baselines in an ion chromatogram. These interferences cinlead to false positive
results for the target analyte as well as reduced detection limits as a'Q^isequence of
elevated baseline noise.

4.2 Interferences can be divided into three different categories: direct chromatographic
coelution, where an analyte response is observed at very nearly the same retention time
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as the target anion; concentration dependant coelution, which is observed when the
response of higher than typical concentrations of the neighboring peak overlap into the
retention window of the target anion; and, ionic character displacement, where retention
times may significantly shift due to the influence of high ionic strength matrices (high

content or hardness) overloading the exchange sites in the column and
shortening target analyte's retention times.

chromatographic coelution may be solved by changing columns, eluent
edifying thfigluent with organic solvents (if compatible with 1C

4.2.2

columns),
with pretn
MUSTve
icrfo

:ction systems, or selective removal of the interference
dilution will have little to no effect. The analyst

!e changes do not induce any negative affects on method
Seating and passing all the QC criteria as described in Section

lilutio
result'of eit,
displace
Minimu
dilution. The*
prior to performin
dilution of the elue

some of the difficulties if the interference is the
^dependant coelution or ionic character

pfrnust be^Med that sample dilution will alter your
Irting Limit by a proportion equivalent to that of the

of project objectives should be given
ternative to sample dilution, may be

1.2.6.

4.2.3 Pretreatment cartridgeKan be to eliminate certain matrix
interferences. With any f&iposed the analyst must verify that the
target analyte is not affecte
(additional pretreated LFM requ^
background contaminants are int
pretreated LRB requirement see
in analytical separator column
exchange resins, the need for these cartrl||pf

tment
Section

pS by the
"ns9.

no

4.2.3.1 Extreme caution should be exercised in using these
cartridges. Artifacts are known to leach from ce
can foul the guard and analytical columns cau
capacity indicated by shortened retention tim
results. Frequently compare your calibration
to those of the column test chromatogram (
was purchased) or use calibration chromatograms

vances
capacity anion

which

rece

, .

producible8!!*,
-ii*

rd chromatograms
when the column
ierated when the

column was initially installed, to insure proper separation and similar
response ratios between the target analytes are observed.
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4.2.3.2 If LRB background problems are encountered in the retention time
window for perchlorate when these pretreatment cartridges have been
employed, increase the initial reagent water rinse of the cartridge to
approximately five times the volume specified by the manufacturer.

prices with high concentrations of common anions such as chloride, sulfate
an make the analysis problematic by destabilizing the baseline in the

^retention time^gndow for perchlorate. This is evidenced by observing a protracted
followinglhe initial el* Ban of the more weakly retained anions (chloride,

ads into the perchlorate retention time window,
indirectly assessed by monitored the conductivity of

Sample matrices must be monitored for conductivity
Inalysis. When the laboratory determined Matrix Conductivity

'Sectiorkg. 2.8) is exceeded, procedures incorporating sample
reatmenfaHlt be performed as specified in Sections 11.1.3 and

carbonate, and
hese common an

matrix. Cons

Thresno
dilutions
11.1.4, re

4.4 Samples that co
contain particles
instrument columns

4.5 Close attention should be
which will effect the proper
is the responsibility of the use
into a subsequent analysis there

5. SAFETY

5.1

les larg
inan 0.20 micr

hdflow s stems.

0.45 microns and reagent solutions that
jfequire filtration to prevent damage to

parry over peaks from one analysis
a second, subsequent analysis. It
;luting peaks have carried over
legrity of the analytical results.

The toxicity or carcinogenicity of each rea^St used i;
established. Each chemical should be regar(!e%a;
should be as low as reasonably achievable. Ca
Section 5.3 for hazardous materials.

jave not H!en fully
leaHhTmzard and exposure

Specifically liHbd below in

5.2

5.3

Each laboratory is responsible for maintaining a current awareness
regulations regarding the safe handling of the chemicals specif!
reference file of Material Safety Data Sheets (MSDS) should
personnel involved in the chemical analysis. The preparation o
also advisable. Additional references on laboratory safety are av

The following chemicals have the potential to be highly toxic or hazarobj^s, consult
MSDS.

tho
vailable to

al safety plan is
le.6-9

309.0 - 8



5.3.1 Sodium Hydroxide (NaOH), used in the preparation of the eluent is considered
caustic.

6. EQUIPMENT AND SUPPLIES

atograph (1C) -- Analytical system complete with eluent reservoirs, an ion
pump, injection valves, both guard and analytical separator columns,

^suppressor, cianductivity detector, and computer based data acquisition system.
m

iexAG16 4 mm (P/N 55377), or equivalent. This
^ctor of the separator column. If omitted from the

ics will be shorter.

Anion gua
column fu
system th

-- Dionex AS 16, 4 mm (P/N 55376), or equivalent (see
The AS 16, 4 mm column using the conditions

id the separation shown in Figures 1 and 2.

6.1.2.1 ipment
ffmance of alte
$*

columns w
standard qj
alternate _
the Dionex! 3 11 /AS
standard op

method included investigations into the
mm 1C guard and analytical separator

are specffi^Lfor the 1C analysis of perchlorate in
iroceduS^gxternal to the U.S.EPA. ''3 These

ptlatpr colur^| included the Dionex AG5 / ASS and

by the State o
/ASH is used
perchlorate and is reco
theAG5/AS5. 2 ' 3 A

The / ASS is currently specified in the
proced^ej the 1C analysis of perchlorate
fornia, °^aMl Services.1 The AG11

lab^ondujiliifelf analysis for

Jalifornia1

8
ited corapmbl^^fts could

alternate to
|pf these
ftained.4

performed
les*with low

analytical columns and i
In our studies, both the
well for reagent water and sim^^^^ffifiTcing water
to moderate common anion levelSRlSiras these levels in
performance began to diminish for both columns. T
columns could tolerate much higher levels of thesj
it is recommended in this method as the colu
of the results of examining these three colu
with various common anion levels is presenter

6.1.2.2 Any alternate, equivalent column must be characterised as hydrophilic
or conversely, must be rated as having low to very lowljiydrophobicity.
This is one characteristic that is consistent for the ASS, ASH and
AS 16 analytical separator columns. This requirement for low
hydrophobicity is to allow the efficient, reproducible and symmetrical

ulated matrces
'able 4. V
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6.2

6.3

band elution of polarizable anions, such as perchlorate. If the
perchlorate analysis is attempted on a hydrophobia column, poor
performance will result due to very asymmetric, tailing peaks. Using a
middle to high calibration standard, conduct a typical analysis. Any
alternate column must be capable of yielding symmetrical peak elution
for this perchlorate response as demonstrated by yielding a Peak
Gaussian Factor of between 0.80 and 1.15 using the following

, equation,

.83 x WO/2)

(V10)

ak width at half height, and
width at tenth height.

r W('/2) and W (V10) can be attained through most
ition software.

6.1.3 Anion device -- Thl
using a Dionex Aniorj^gglf Regen
53946). An equiv
conductivity detect
attained as measure
minute over the back
essential to analytical da
detector.

a presented in this method were generated
Suppressor (4 mm ASRS, ULTRA, P/N

lessor de"vHe. may be utilized provided comparable
achievea||nd adequate baseline stability is

fa combmed basel^drift/noise of no more than 5 nS per
d conduCT|yjty.jlSt0per suppressor performance is

nsitivity of the conductivity

6.1.3.1 The ASRS was set to
setting of 300 mA using
delivered at 5 mL/min.

6.1.4

wareavas
ed data sy

d demonstrate tnis

Detector — Conductivity cell (Dionex CD
data as required in Section 9.2.

Data Acquisition System -- The Dionex Peaknet Data Chroma^
used to generate all the data in Tables 1 through 4. Other cor
may achieve approximately the same performance but the user'
by the procedures outlined in Section 9.

Conductivity Meter - Used to monitor sample matrix conductance w h H j is directly
related to the common anion levels in a matrix and used to determine if sample
pretreatment is required. At a minimum, this meter should be capable of measuring
matrix conductance over a range of 1 - 10,000 uS.
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6.4 Analytical balance — Used to accurately weigh target analyte salt for stock standard
preparation (±0.1 mg sensitivity).

6.5 Top loading balance — Used to accurately weigh reagents such as sodium hydroxide
ion in the preparation of eluents (±10 mg sensitivity).

Plastic, disposable - for weighing eluent reagents.

ft Micro beakers -^Elastic, distj^able - used during sample preparation.

6.&t!fll!§yringes — Plastic

6.9

"rnL - used during sample preparation.

6.10 Bottles

perchlorate is neit
plastic or glass

)r glass, disposable, graduated, 5 mL and 10 mL.

ne (HDPE) or glass, amber or clear, 30 mL, 125 mL,
of calibration solutions. Stability studies indicate

pr prone to adsorption to the walls of either HDPE

6.11 Paniculate filters --1T45 micj
(Gelman 1C Acrodisc, PN 4J
particulates from the sampf
autosampler employed does^

syringe"HK@|, specifically designed for 1C applications
uivalenTf||These cartridges are used to remove
|e loadinjfttbe sample manually or if the

filter tfiefeample loading.

6.12 Matrix pretreatment cartridges inn||£ barium |
PN 046072, or equivalent.) These
manufacturer's directions and are used

6.13 Matrix pretreatment cartridges in the silver
039637, or equivalent.) These cartridges

)ionex OnGuard-Ba cartridges,
itio'ited acooBfiJnsLto the

fe matrix

rd-Ag caftridges PN

manufacturer's directions and are used to reduc! Ix levels of cQbride

x.
the Ag

ving the cationic

6.14 Matrix pretreatment cartridges in the hydrogen form — Dionex OnGu
(PN 039596) or equivalent. These cartridges are conditioned accci,
manufacturer's directions and are used to reduce cations in the
protects the analytical column by removing silver which has le
cartridge and may indirectly minimize the effect of carbonate b
counter ion.

7. REAGENTS AND STANDARDS

7.1 Reagent water -- Distilled or deionized water 17.8 Mohm or better, free of the anions of
interest. Water should contain particles no larger than 0.20 microns.
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7.2

7.3

7.4

Eluent solution - 50 mM sodium hydroxide (NaOH, [CASRN 1310-73-2]), dissolve 8.0
grams of 50% (WAV) sodium hydroxide in reagent water to a final volume of 2.0 L.
7.2.1 Solutions of NaOH are very susceptible to carbonate contamination resulting

from adsorption of carbon dioxide from the atmosphere. This contamination will
result in poor reproducibility of perchlorate retention times, elevated instrument

jkground conductivity, and increased baseline noise/drift. Consequently,
are to the atmosphere should be minimized by storing these eluent

solut95a|L in sealed reservoirs under low pressure (3 to 5 psi) helium. In
additionlfliese s°lutiAi,should be regularly prepared and held for no more than

uent reservoir, completely replace old eluent
Ifold eluent, rinsing the reservoir with reagent water, and
prepared eluent solution. With this eluent, the

• detector background signal should be below 3.0 uS.

7.2.2

5 days, en
solution
refilling

7.2.3

rsolutio
TfiMHKctivel
comromise
data.

A system or apparai
(Dionex EG40, or *
this hydroxide eluen

Stock standard solution, 1000
purchased as a certified solution
listed below.

!>e purged for 10 minutes with helium prior to use.
Isolved gases which may form micro bubbles in the 1C

iance and adversely effecting the integrity of the
apparatus may be employed.

automatic^Jy generates the hydroxide eluent
alternative to physically preparing

ckstandard solution may be
relkent gEade»sodium salt as

erchlotwe
ilute tUlOO mL in a

7.3.1 Perchlorate (CIO/) 1000 mg/L -
(NaClO4, CASRN [7601-89-0] in
volumetric flask.

NOTE: Stability of standards - Perchlorate stock standards, stored i
temperature, appear to be very stable and may be stable ft
of time. However, specified expiration dates should
prepared stock standard as part of any laboratory's q
this regard, it is recommended that stock standards fo
no more than 12 months and an expiration date should
the label.

period
I

"trol progr£
hlorate be held tor
learly specified on

Mixed Common Anion Stock Solution - containing the anions chloride, sulfate and
carbonate each at 25 mg/mL. This solution is used to prepare simulated common anion
samples in the determination of the MCT (Section 9.2.8).
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7.4.1 Dissolve the following salts in reagent water to a final volume of 25.0 mL:
1.0 g sodium chloride (NaCl, CASRN [7647-14-5])
0.93 g sodium sulfate (Na2SO4, CASRN [7757-82-6])
1.1 g sodium carbonate (Na2CO3, CASRN [497-19-8])

Meter Calibration Solution

Chloride (KC1), 745 mg/L — Dissolve 0.745 g potassium chloride
7]) in reagent water and dilute to 1.00 L in a volumetric

and calibrated conductivity meter the reference
is 1410 uS at 25 °C.U

8.

8.1 Samples^^^llectedi
cleaned wit
insure a representa
analysis, if requi

ERVATION AND STORAGE
fti

|tic or glass bottles. All bottles must be thoroughly
ipater. The volume collected should be sufficient to

fbr replicate analysis and laboratory fortified matrix
ihirmze

8.2 Samples do not needPto be s
should be taken to protect
insulated sampling kit, desi'
be used to protect the samp

8.3 Sample preservation and holdin
Analvte Preservation
Perchlorate None required

ped icedWlfcpred cold in a refrigerator but every effort
?s from liajtperature extremes. A thermally

ipling battles securely during shipment, should
torn thesitemperatfttje extremes.

NOTE: Perchlorate is likely stable for mflHUhan holdffl| time
studies (beyond 35 days) were 28 day
holding time, which is a sufficient laboratorlto conduct this
analysis, is being established.

9. QUALITY CONTROL

9.1 Each laboratory using this method is required to operate a control
program. The requirements of this program consist of an initia^^^fonstration of
laboratory capability, and subsequent analysis in each analysis bat^MSection 3.1) of an
Instrument Performance Check Standard (IPS), Laboratory Reagen^^ank (LRB),
Initial Calibration Check Standard (ICCS), Laboratory Fortified BlarS^LFB),
Continuing and End Calibration Check Standards (CCCS/ECCS), Laboratory Fortified
Sample Matrix (LFM) and either a Field, Laboratory or LFM duplicate sample analysis.
This section details the specific requirements for each of these QC parameters. The QC
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9.

criteria discussed in the following sections are summarized in Section 17, Table 5 and 6.
The laboratory is required to maintain performance records that define the quality of the
data that are generated.

DEMONSTRATION OF CAPABILITY

aitial Demonstration of Capability (IDC) -- This is used to characterize
instrulrant and laboratory performance prior to performing analyses by this
method^jtEhe QC re^ffltements for the IDC discussed in the following section
are summllzed ints^^^m^' Table 5.

9.2.3

low system background — See Section 9.3.1.

Accuracy (IDA) — Prepare and analyze 7 replicate LFBs
culate the mean measured concentration (Cs) of the
the IDA, the value derived for CR must be within ±

9.2.4 Initial De
9.2.3, calcu
analysis, as i
10%.

tion of Preci3HmHDP) -- Using the data generated for Section
e the P f i g n t rela^^^mdard deviation (%RSD) of the replicate

pasT^IDP, the %RSD must be less than

where,
Sn., = sample standard i
C0 = mean recovered cone

fe analy!
analysis.

9.2.5 Quality Control Sample (QCS) - After haveltoiall'
established or have been re-established, orllSplquired to meet di
needs, verify both the calibration and acceptable instrument pe:
preparation and analyses of an external/second source QCS,
concentrations are not within ± 20% of the stated va lue j t l l iSf ice o:

filth the
lined

determinative step of the method is unacceptable. The||
must be identified and corrected before either proceedir
continuing with on-going analyses.

pf the probletjl
" the IDC or *""

9.2.6 Method Detection Limit (MDL) - An MDL must be establisheo^sing reagent
water (blank) fortified at a concentration of three to five times the estimated
instrument detection limit.4'5 To determine MDL values, take seven replicate
aliquots of the fortified reagent water and process through the entire analytical
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method. These MDL replicate analyses may be performed on a single day or
may represent data that has been collected, at a consistent MDL estimated
concentration, over a series of days. Perform all calculations defined in the
method and report the concentration values in the appropriate units. Calculate
the MDL as follows:

= (t)x(Sn.,)

for a 99% confidence level and a standard deviation
-1 degrees of freedom [t = 3.14 for seven replicates]

fidard deviation (n-1) of the seven replicate analyses.

be periodically verified, but MUST be initially
a new operator begins work or whenever there is a
in the background, or instrument response.

NOTE: ues when performing MDL calculations.

9.2.7 Minimum Reporting
an analyte that a la
sample. The MRL
below three times
below a signal to noiseaato
repeated QC failure uponl|nalysis of |
calibration standard may
established at a concentration

ie MRL is the threshold concentration of
n expecP^accurately quantitate in an unknown

estabtislfed at an analyte concentration either
ion which would yield at signal

MRL too low may cause
Ithough the lowest

t never be

9.2.8 ividual laboratory
if sequentially

Matrix Conductivity Threshold (Mi® - The
defined value which must be determined,
increasing, common anion fortified, rea
constant perchlorate concentration. InitialI||pFreagent water ]
containing no common anions, must be analyzed which conta^^^^^^Sfe at a
suggested concentration of 25 ug/L perchlorate. Next,
increasing anionic solutions are prepared, each contain!
suggested concentration of 25 ug/L, which also contaiif|||S!Bpllidividual
common anions of chloride, sulfate and carbonate, eacn^Slded at uniform
increasing concentrations of 200, 300, 400, 500, 600, 1000 mg/L. A
concentration of 25 ug/L perchlorate has been suggested asMtong the MRL has
been set in the range of 3.0 ug/L to 5.0 ug/L. If a laboratory^^RL is higher,
chose a perchlorate concentration for this exercise at approximately 5 times that
MRL.
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9.2.8.1 Prepare the mixed common anion stock solution (see Section 7.4)
containing chloride, sulfate and carbonate, each at 25 mg/mL.

9.2.8.2 Prepare a perchlorate secondary stock dilution standard at 1.00 mg/L
from the 1000 mg/L perchlorate stock standard (Section 7.3) by
diluting 0.50 mL of the stock solution to a final volume of 500 mL.

Prepare the LFB at suggested perchlorate concentration of 25 ug/L by
of the perchlorate secondary stock dilution standard

|to a final volume of 25.0 mL.

9.2.8.5

9.2.8.6

9.2.8.7

•e the series of common anion fortified reagent water
adding 0.20 mL, 0.30 mL, 0.40 mL, 0.50 mL, 0.60 mL,

.00 mL of the mixed common anion stock solution
,0 separate 25 mL volumetric flasks. Next, add 0.625

^rate secondary stock dilution standard (Section
volumetric flask and dilute to volume with
final perchlorate concentration of 25.0 ug/L.

Measure ani
solutions
calibrated^
conductan-
mg/L mixed
at 400 mg/L a:
of bet ween 3 200

Analyze each solution,
and the quantified concef
acquisition and instrument C:
ratio is a definable parameter
analysis report.

cord the^fij^ictance of each of these prepared
ated conductivity meter (This meter must be

in Secti
To use^a relati

n _
bonate a

3J

0.4 prior to measuring
pference conductance, the 400

ains chloride at 400 mg/L, sulfate
hould display a conductance

eight (3SS11 ratio
many

fthe pe^rea to height
specifiedlllkpriniQut on the

Both the A/H ratio and quantified perchlorate coi
LFB and the lower mixed common anion solut
perhaps even 200 mg/L) should be reproducit
common anion levels increase, the A/H ratio
as the peak height is distorted and reduced. As"1

:the
30, a?

lent but as***
Iso begin to increase

?eak is distorted,
the area will also eventually begin to be distorted I llLthe quantitated
concentration will be reduced, but this is typically sec8||dary, with the
ratio of peak area to height initially predicting this pending quantitation
problem.
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9.2.8.8 Calculate the A/H ratio percent difference (PD^) between the average
A/H ratio for the LFB (A/HLFB) and the average A/H ratios for each
mixed common anion solutions (A/HMA) using the following equation.

|(A/HLFB-A/HMA)|

'A/H X100
A/H,LFB

9.2

'm.

will increase.A/H
exceeds 20%.

of the matrices increase, the PDA
itrix conductance where the 1
7, perform a linear regression on these data by

(as the independent variable, x) versus the matrix
lice (as the dependent variable, y). The resulting regression

lould jield an r value of > 0.95. Record the "constant"
the "X-coefficient" (slope) and calculate the MCT

fficient) + (constant)

N0TE: Be^gajeful toTo!!|jgtently apply percentages as either whole
numbers va]ffll|1(20% = 0.20) for both the regression
analysis an

^sis, the laboratory can choose to
of the highest mixed anion

;lolk the J

9.2.8.10 As an altem
establish t h e i r r
solution which yie

9.2.8.11 Prior to conducting <
matrix must be determine
above the MCT, sample
respective Sections 11.1.3 anc

9.3 ASSESSING LABORATORY PERFORMANCE -The following itej
included in every analysis batch (Section 3.1).

9.3. 1 Laboratory Reagent Blank (LRB) - Data produced

onductimpfthat
of a fief^Smple is

nt, alescribed in

contamination from the laboratory environment. Value
indicate a laboratory or reagent contamination is present.

exceed Vi the MRL
ie source of the

le analysis. Any
lid LRB,

contamination must be determined prior to conducting any
sample included in an automated analysis batch which has an i
indicated by a quantitated perchlorate that exceeds !/2 the MRL, must be
reanalyzed in a subsequent analysis batch after the contamination problem is
resolved.
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9.3.1.1 When sample matrices have been pretreated to reduce the risk of high
common anion interference (Section 11.1.4), a second LRB must be
prepared, pretreated in exactly the same manner, and analyzed to
confirm no background effects of the pretreatment are present. If an
analysis batch only contains pretreated samples, then only a pretreated
LRB is required.

Check (IPC) - The MCT, which was determined as
.2.8, must be verified through the analysis of an IPC.
is used to verify the vitality of the 1C system, over

in highly ionic matrices. This must be conducted
latch since over time, column performance can change.

common anion solution which reflects a conductance
0%) that specified as the MCT. This solution must be

the instruction in Section 9.2.8, and containing
sulfate and carbonate as well as

concentration of 25 ug/L. This perchlorate
assuming the MRL has been set in the

p 5.0 ug/|j|If a laboratory's MRL is higher, chose
ation for'llus exercise at approximately 5 times

Instrum
part of th
The IPC is!
time, to q
with

:entratic
range of
a perchlor
that MRL.

9.3.2.2 Confirm the coTfeictance of
^

in the analysis bat
conductance of this by
original measured a fresh
analysis, calculate the Pl5f||[(Sectio
area to height ratio of this
analysis batch to the value thafl
in the original IDC or in the prev
criteria, the value for
with the analysis batch.

inalyze it as the initial sample
measured
•om the

ion. Fo1l|jngthe
mparingihe peak

landarts(A/HMA) for this

9.3.2.3

9.3.2.4

At the second tier criteria, the measured reco
IPC must fall between 80% and 120 % (20.0
25 ug/L fortification).

must be less than 25% be

>erchloratelfi|,jiis
ro 30.0 ug/L for the

As a third tier and final criteria for the IPC, the Iabor1nt|ry must closely
monitor the perchlorate retention time from this analysis. Small
variations in retention time can be anticipated when a new solution of
eluent is prepared but if sudden shifts of more than 5% are observed in
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the perchlorate retention time, some type of instrument problem may be
present. Potential problems include improperly prepared eluent,
erroneous method parameters programmed such as flow rate or some
other system problem. The observed retention time for perchlorate
should closely replicate the times established when the column was
originally installed. As a column ages, it is normal to see a gradual shift
and shortening of retention times, but if after several years of use,
extensive use over less than a year, or use with harsh samples, this

jtention noticeably shifted to any less than 80% of the
unaljsl^ffl/alue, the column requires cleaning or replacement,

ild retain a historic record of retention times of
o provide evidence of an analytical columns vitality.

thSi?nditions defined in Section 9.3.2.2 through 9.3.2.4 are
it met,

lower,.

.jjjjjjlim _

Jtflpl JCT must be repeated and revised to a more appropriate
fffductivity threshold or the source of the problem must

IPC reanalyzed..

9.3.3 Prepare a secondary dilution stock using the
to prepaT^^e calibration standards. This separate,

;ed as a coiicentrate to fortify the LFB and the
ial sourl^tock or QCS, which is used to verify

[was initially prepared (Section
ndary dilution stock.

each analysis batch immediately
id with the^sausuLSolution used to

when

Laborator^lpified Blank
same stock solution u
secondary dilution
LFMs (Section 9.4!
the accuracy of the ration c
10.2.5), should not to
Laboratories are require<l||} analyze a
folio wing the ICCS. TheU
prepare the LFM and should be
times the highest concentration o'
to reflect the range of concentrati
observed in any field sample, the L
analyzing the LFB initially, a control ch
solution used to prepare the LFM. If any
concentration is present, it will be reflected in the LFB and not
attributed to a matrix upon analysis of the LFM. Calculate
recovery (Section 9.4.1.3). The recovery for perchlora
of 85 - 115% prior to analyzing samples. If the LFB n
batch does not meet these recovery criteria the data are
the source of the problem should be identified and resolv
analyses.

concent
in any

bserve

than ten
varied

lyte is
eMRL. By

rated

rcent
Ik

an analysis^
Tdered invalid, and
efore continuing

9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY - The following must
be included in every analysis batch (Section 3.1).
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9.4.1 Laboratory Fortified Sample Matrix (LFM) - The laboratory must add a known
amount of each target analyte to a minimum of 5% of the collected field samples
or at least one with every analysis batch, whichever is greater. Samples which
exceed the MCT must either be diluted (Section 11.1.3) or pretreated to reduce
the common anion levels (Section 11.1.3). Samples which are pretreated have

litional LFM requirements described in Section 11.1.4.6, and must be fortified
treatment. For a LFM to be valid, the target analyte concentrations must

be gre1||j|r than the native level and should adhere to the requirement outlined in
Section 1.2. It is|j||y3mmended that the solutions used to fortify the LFM be
prepared used to prepare the calibration standards and not
from This will remove the bias contributed by an

and focus on any potential bias introduced by the field
i sample j
i-W^8Ste«i.*;)Kiffi

concer
centration must be equal to or greater than the native

rtified samples that exceed the calibration range must
iin the linear range. In the event that the fortified

if than fn^^^erved native level of the unfortified matrix, the
ffy should not^JMlculated. This is due to the difficulty in

calculating jyj^jrate recwfees of the fortified concentration when the
native sanj^^tetowitration'^^ortified concentration ratio is greater
than one. ""*

9.4.1.2 TheLFMshlljdbeprepa
times the highea^oncentratic
be varied to reflect
samples.

;ntrations no greater than ten
edin any field sample and should

intralions expected in field

e, corrected for
rcent recovery

9.4.1.3 Calculate the percent rec
concentrations measured in
should be calculated using the

(CS-Q
%REC = ———- x 100

s
where,
%REC = percent recovery,
Cs = measured perchlorate in the fortified samp
C = measured native perchlorate sample concentr
s = concentration equivalent of analyte added to sa

9.4.1.4 Recoveries may exhibit a matrix dependence. If the recovery for
perchlorate falls outside 80 - 120%, and the laboratory's performance
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HELD OR LABO
either a fieia or a
samples or
sample m
once

9.4.3

9.4.2.1

for all other QC performance criteria is acceptable, the accuracy
problem encountered with the fortified sample is judged to be matrix
related, not system related. The result for that analyte in the unfortified
sample and the LFM must be labeled suspect/matrix to inform the data
user that the result is suspect due to matrix effects. Repeated failure to
meet suggested recovery criteria indicates potential problems with the
procedure and should be investigated.

RY DUPLICATES -- The laboratory must analyze
duplicate for a minimum of 5% of the collected field
every analysis batch, whichever is greater. The

for this duplicate analysis must contain measurable
target anions in order to establish the precision of the

ie quality of the data. If none of the samples within an
rable concentrations, the LFM should be repeated as a

^rcent difference (RPD) of the initial quantitated
)licate quantitated concentration (Dc) using

9.4.2.2

the rela
ration (Ic) an

bllowine formula.

Duplicate analys
duplicate measuremen
other QC performance
control for the sample

RPD for the
if all

precisi0q|^>ut of
for

[matrix to inform
effect,

and

the sample and duplicate
the data user that the result is
which led to poor precision. Thi
if it frequently recurs (>20% of duplicate analyses), ij
problem with the instrument or individual techni
corrected.

wsiiisasfflts W ^ rIn recognition of the rapid advances occurring in chrorrl^^p'aphy, the analyst is
permitted certain options, such as the use of different colo^§s (which meet the
criteria in Section 6.1.2.2), injection volumes, and/or eluenr^ro improve the
separations or lower the cost of measurements. Each time sucrl|jiodifications to
the method are made, the analyst is required to repeat the procedure in Section
9.2 and adhere to the condition of conductivity baseline stability found in Section
1.2.1.
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9.4.4 It is recommended that the laboratory adopt additional quality assurance
practices for use with this method. The specific practices that are most
productive depend upon the needs of the laboratory and the nature of the
samples. Whenever possible, the laboratory should perform analysis of quality
control check samples and participate in relevant proficiency testing (PT) or

formance evaluation (PE) sample studies.

BRATIONWD STANDARDIZATION

^Demonstration
||he IDC and befon
i|mple analysis t
sulfilparzed
as witrr
are anal
initial caOHi^ri curvQ
calibration

10.2 INITIAL CALIB

of acceptable initial calibration is required prior to
:e analyzed, and is required intermittently throughout

QC performance criteria outlined in this method and
itial calibration verification is performed using a QCS as well

an initial, continuing (when more than 10 field samples
check standards. The procedures for establishing the
:d in Section 10.2. The procedures to verify the

described in Section 10.3.

parameters equivalent to those

The LCR should cover the
,nd should not extend over

of two
this

10.2.1 Establish ion chro
indicated in Table f

10.2.2 Estimate the Linear
expected concentration
more than two orders of
orders of magnitude is prescribe
linearity throughout the entire ca

10.2.2.1 If quantification is desired 6*
calibration curves should be p

10.2.2.2 A minimum of three calibration standards are require^
extends over a single order of magnitude and a
calibration standards are required if the curve
magnitude.

that

10.2.2.3 Since the anticipated concentration range for pel
samples is expected to cover two orders of rnagnil
least five calibration standards in the range 4 - 400
recommended.

.orate in actual field
the use of at

is
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10.2.3 Prepare the calibration standards by carefully adding measured volumes of the
stock standard (Section 7.3) to a volumetric flask and diluting to volume with
reagent water.

Inject 1 .0 mL of each calibration standard. Tabulate peak area responses against
terchlorate concentration. The results are used to prepare a calibration
fusing a linear least squares fit. Acceptable calibration is confirmed after

reviewltjfi the curve for linearity and passing the criteria for the initial calibration
check st

response

rd in 10.3.1. Alternately, if the ratio of area to concentration
over the LCR (indicated by < 15% relative standard
the origin can be assumed and the average ratio or

used in place of a calibration curve.

rareas must be used as a measure of response since they have been
ind to^bj^^ffle consistent, in terms of quantitation, than peak

ht can tend to be suppressed as a result of high levels
a given matrix which can compete for exchange

Tg to peSa^adening. Using peak areas, it is the analyst's
sibility to chromatograms to insure accurate baseline

^ration gjjarget a^^toeaks, since poorly drawn baselines will
peak a .̂̂ .

10.2.5 After establishing or^StablishK^alibrati
calibration must be veflSlbcl througfr%£ ar
second source. The QC^mpuld be pij
of the calibration curve. As
concentrations must fall within H

^curves, the accuracy of this
of a QCS or externally prepared
a concentration near the middle

ie stated

10.3 CONTINUING CALIBRATION VERIFtWTION --W

for extended periods of time. Once the calib
be verified for each analysis batch, prior to con
Initial Calibration Check Standard. Continuing C

field samp]
ion Check

Calibration Check Standards are also required as described in the secty

mayJOe stable
lished it MUST

alyjjs using an

10.3.1 INITIAL CALIBRATION CHECK STANDARD (IC(
batch the calibration must initially be verified prior to
lowest level standard used to prepare the linear calibratf
In cases where the analyst has chosen to set the MRL al

:h analysis
^ *Iny sample^he
Trve must be used.

Lthe lowest standard,
a standard at a concentration equal to the MRL is acceptabl
for the ICCS must be in the range or 75 - 125% before contini
batch and conducting any sample analyses.

percent recovery
the analysis

10.3.2 CONTINUING CALIBRATION CHECK/END CALIBRATION CHECK
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STANDARDS (CCCS/ECCS) -- Continuing calibration check standards MUST
be analyzed after every tenth field sample analysis and at the end of the analysis
batch as an end calibration check standard. If more than 10 field samples are
included in an analysis batch, the analyst must alternate between the middle and
high continuing calibration check standard levels.

. 1 The percent recovery for perchlorate in the CCCS/ECCS must be
between 85-115%.

sis batch, the measured concentration for perchlorate
iCCS differs by more than the calibration verification

above, or the retention times shift more than ± 2% from
Kceptable initial or continuing calibration check standard, all
analysed after the last acceptable check standard are

10.3.2.3

jd and must be reanalyzed. The source of the problem
and resolved before reanalyzing the samples or

fase where the^ffi-calibration fails to meet performance criteria,
ic initjj|l,|nd mido^^^ration checks are acceptable, the samples

bracketed^ffl^Keptablel^brations may be reported. However, all
field midlland end calibration checks MUST be
reanalyzed*

10.4 CONDUCTIVITY METER CAERATION
coinciding with each analysis batch;
established using a standard KC1 solutia

10.4.1 Thoroughly rinse the conductivitylBtrode
electrode in the reagent water, turn o
this blank is < 1 uS.

conducting the MCT and
verified or

er. PlacVthe
ie conductance of

10.4.2 Pour approximately 15 mL of the standard K.C1 solution (Sectij
plastic disposable micro beaker (Section 6.7) and place the-
solution. The reference conductance for this solution 0?

conductivity meter must yield a conductance between 1440 uJ
be in calibration.

The

10.4.3 If the conductivity meter fails calibration, recalibrate the unil|>er manufacture's
instruction and repeat the procedure in 10.4.2 as if the standarlPiolution were an
unknown matrix.

11. PROCEDURE
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11.1 SAMPLE PREPARATION

11.1.1 Samples do not need to be refrigerated but if samples are held refrigerated as a
... standard practice for sample control, ensure the samples have come to room

mperature prior to conducting sample analysis.

'̂ ik

1.1.2 MA'TRM CONDUCTANCE VERIFICATION - Prior to conducting the
analysis iKa field saijmta matrix, the conductance of that matrix must be
measuredmlatri^^^^mvity is directly related to the common anion levels
which, at can influence the integrity of the perchlorate
analysis.

" conductivity detector calibration by following the procedure
MMA** |lined inilltion 10.4.

^

11.1:2.2 PC

I
11.1.2.3 Place the

11.1.2.4 If the com

Sction
Lv. 15 mL of sample into a plastic disposable micro

reseal the sample bottle to protect the sample

ijnto the iflifrix and measure the conductivity.

mthan th»JCT, continue to Section 11.1.5.

, the matrix requires dilution
e is found in

oughly ffiSe the
trixBfenductivity

11.1.2.5 If the conductaT^is greater
or pretreatment p
Section 11.1.3. Pretre

11.1.2.6 Discard this aliquot of and
electrode with reagent wate
measurement.

11.1.3 MATRIX DILUTION - If matrix conductivity is less than the
Section 11.1.5.

11.1.3.1 A sample can be analyzed once diluted with r^^^^^ter to a

conductance below the MCT. The exact of this dilution*will
adversely increase the MRL by an equivalent prof||rtion.

11.1.3.2 Knowing the matrix conductance exceeds the MCT, et^mate the
proportion required for the dilution by dividing the measured matrix
conductance by the MCT. Round up to the next whole number and
dilute the sample by a proportion equivalent to this value. For
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example, if my MCT is 6100 uS and a sample reflecting a conductance
of 8000 uS was measured, dilute this sample with reagent water by a
factor of 2.

11.1.3.3 Measure the conductance of the diluted sample to confirm it is now
below the MCT. Analyze the sample as specified in Section 1 1.1.5
with the understanding that the MRL has now been elevated by a

^proportion equivalent to the dilution.
k

asured above the elevated MRL, back calculate
le concentration and report. If no perchlorate is

ve the elevated MRL and analysis or project objectives
nitoring below the concentration of the elevated MRL,

Ted to Section 1 1.1.4 and pretreat the matrix.

11.1.4 P
matrix con
dilution
employed?
common
analyst were to attej
anions present in th
accurate quantitatio
of these anions which
pretreatment cartridges
cartridges are attached in
recommended that all three carfr |
knowledge that a matrix primaril

ATRICES WHICH EXCEED THE MCT - If
the MCT, go to Section 11.1.5. If sample

results, sample pretreatment should be
ded, it is most often due to a high levels of

carbonate) in a particular matrix. If the
a n a l y s i r f this particular matrix, the common

e baseline and negatively affect the
To eWlgtively reduce a significant amount

ductivity reading, a series of
this pretreatment, three
ortfor: Ba«Ag,s»and H. It is

ployed u|
ifgh levels nc cor

Jhas specific
inion.

11.1.4.1 Individually and thoroughly*
reagent water in order to insur
are removed from the cartridge,
instructions.

'atmeiiffbartridge with
backgrou^^or^gninants

form this rinse

11.1.4.2 Prior to pretreating any field samples, preparej
required when an analysis batch contains a
treated. This treated LRB is prepared by placl
prescribed series (->Ba->Ag->H) and collecti!
water rinse. This LRB is used to verify that no bal

:B, wlich is
must be

lie cartridges in
[n aliquot of reagent

xmnd
interference contributes to a observed response in the^indow for
perchlorate which could lead to a false positive measurement. If a
response is observed, triple or quadruple the volume of reagent water
rinse suggested by the manufacturer in Section 11.1.4.1 and repeat until
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11

a blank measures no more than Vi the MRL. If this additional rinsing
procedure is required, it must be consistently applied to all the
cartridges prior to conducting any matrix pretreatment.

1.4.3 Filter 4 mL of sample through the series of rinsed, stacked cartridges as
an initial sample rinse (Ba, Ag and H) at a flow rate of 1.0 mL/ min or
less (approximately one drop every 3 to 4 seconds). This flow rate is

^critical to the pretreatment and must be carefully followed. Discard this
[action andjifegin collecting the pretreated sample aliquot of collected

0fent volume has been collected, measure the conductance of
sample aliquot being certain the conductivity meter's probe

thojoughly rinsed and excess water has been shaken from the
If thefflKy^ctance is now below the MCT, the sample is ready for

Inductance is still above the MCT, the flow rate
;nt cartridge is likely too fast and the

repeated with new cartridges. In some
les, double preT||||ment cartridges may need to be applied.

!n this p^^reatmennKWformed properly, we have found from
70% to 9S^^ffllfetion in malfa conductance with good recoveries for

t of treateCusam
n 11.1.3.

perchlora

11.1.4.5 Place this alii
described in Se

11.1.4.6 In order to ensure data*
have been selected for
must also be used to pref

o an autosampler vial as

samples^
ment, as

an
perchlorate at concentrations
determined in the native sampfi

and
JhSecti8ffl&1.4,

lust be fortified with
Feater nian, the level
pretreat

pretreated sample is analyzed an3f|!IPErilorate level is d
Then, a second aliquot of sample must be fortified wi
treated to reduce the high common anion levels,
perchlorate recovery from that matrix. This
to rule out matrix effects and to confirm that
the pretreatment step appropriately. If the pe1

outside the acceptance range of 80 - 120% (
particular sample should be reported as suspec

itially, the

is
tory perfdf

pirate recovery falls
|on 9.4.1.4), that

latrix.

11.1.5 Pour approximately 15 mL of sample into a micro beaker (Section 6.7) and
reseal the sample bottle to protect the sample integrity. Using a Luer lock,
plastic 10 mL syringe, withdraw approximately 10 mL of sample from the micro
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beaker and attach a 0.45 (am paniculate filter (Section 6.11), which has been
demonstrated to be free of ionic contaminants, directly to the syringe. Filter the
sample into an autosampler vial or manually load the injection loop injecting a
fixed amount of filtered, well mixed sample. If using a manually loaded injection
loop, flush the loop thoroughly between sample analysis using sufficient volumes

leach new sample matrix.

11.2 S

11.1311* If the autosampler vials or vial caps are designed to automatically filter
as the sample is loaded on the 1C system, this

•e can be omitted and the sample can be directly
autosampler vial.

^commended operating conditions for the ion
this table is the estimated retention time for
hieved by this method. Other columns,

may be used if the requirements of

11.2.1
chf^pstograp
percfilorate^
chromat
Sections

11.2.2 Establish a valid
IDC (Section 9.2).
Then confirm the I
and, if required, recall
LFB.

jtion as dg||ribed in Section 10.2 and complete the
ze the solution, followed by the LRB.

fern calib%ion b>*thlyzing an ICCS (Section 10.3.1)
as descrlfed irj&jon 10.2. Lastly, analyze the

11.2.3 Inject 1.0 mL of each filtered sar
samples. An automated constant'
Record the resulting peak size in

ic same
injectior

jjdards and
ay alsolilB|ed.

for eaJflmalyte.

11.2.4 The width of the retention time window*^^H pike identificTflpns s&ould be
*Hbased upon measurements of actual retentilSjrpfrne variations of si

measured over several days. Three times the standard deviatioj
can be used to calculate a suggested window size for each^
the experience of the analyst should weigh heavily in thj
chromatograms.

11.2.5 If the response of a sample analyte exceeds the calibratio1S||nge, the sample
must be diluted with an appropriate amount of reagent wateiftarid reanalyzed. If
this is not possible then three new calibration concentrations rnrS^ be employed
to create a separate high concentration calibration curve, one standard near the
estimated concentration and the other two bracketing around an interval
equivalent to approximately ± 25% the estimated concentration. The latter
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procedure involves significantly more time than a simple sample dilution
therefore, it is advisable to collect sufficient sample to allow for sample dilution
and sample reanalysis, if required.

Should more complete resolution be needed between perchlorate and a
j|uldering coeluting peak, the eluent (Section 7.2) may be diluted. This will

out the run, causing later elution of perchlorate. Analysts are advised to
careru||evaluate any of these eluent dilutions since when these eluent changes
are incoflferated, othjfjjpelutions may be encountered which were not initially

nalyst must verify that this dilution does not
ice by repeating and passing all the QC criteria in

ablishing a valid initial calibration curve (Section 10.2).

will reduce the overall response of an anion due to
band broadening which will be evident by shortened
?aks. This will adversely effect the MDLs for each

evident,
negatively
Section 9

11.3 AUTOMATED OD 309.0

11.3.1 Laboratories cond
large analysis batch'
automated analyses,
eluent in the reservoir^ftavailable nsfcjust
ensure their data are of a^rjtable qua
performance criteria are me
careful inspection of the data.

ses on KSj&s numbers of samples often prepare
in an ̂ mmated manner. When conducting

musfllkpaid to insure sufficient volumes of
tended operation. In order to
atories must ensure that all QC

subsequent

11.3.2 Analysis sequences must be carefu
specifications and frequency (Table
sequence for a sample analysis batch, w
in Table 7. This schedule is included only
analysis batch which contains normal sample*rnatrices as
have failed the MCT. Within this analysis batch, reference
concentrations for the ICCS, CCCS and ECCS are for

11.3.3 Table 7 may be used as a guide when preparing analysis? ̂ ffifies. Additional"
batches may be added sequentially on to the end of these ifles of schedules as
long as all QC samples, which define an individual batch (lOBkLRB, ICCS, LFB,
LFM, etc...) are individually reanalyzed with each successive semi batch and the
QC criteria for these analyses are continually met (from the IPC through ECCS).

12. DATA ANALYSIS AND CALCULATIONS

.n acceptable
is shown

ich

pnly.
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12.1 Identify perchlorate in the sample chromatogram by comparing the retention time of a
suspect peak within the retention time window to the actual retention time of a known
analyte peak in a calibration standard. If the perchlorate retention time has slightly

^(generally towards shorter times) since the initial calibration, but is still within
criteria and are reproducible during the analysis batch, the analyst should use

'e~te~nTlljf|time in the daily calibrations to confirm the presence or absence of
perchlorate ar

12.1.1 If a low d
retention ti
perchloraj

atri>

centra

12.2 Comput^
10.2.

)ncentra

^chlorate is suspected in an unknown sample, but the
x) the edge of the retention time window, a low level

!d be prepared from this sample matrix to confirm the
;ntion time shift.

sing the initial calibration curve generated in Section

12.3 Report ONLY t
standards. Samp
standard concentrat
alternate calibration proce<
with perchlorate identified
lowest calibration standard
limit (MRL), but not quantita'

that fal^^een the MRL and the highest calibration
\ a perchlorat^^ftponse which exceeds the highest calibration

must hejiiluted^nolteanalyzed. When this is not possible the
ibed in Sigtion 11.2.5 must be followed. Samples

;d belowi je concentration established by the
below the minimum reportingrepoftaaaspn

12.4 Report results in ug/L.

13. METHODS PERFORMANCE

13.1 Table 1 gives the standard conditions, typical
single laboratory MDL in reagent water, as
time is graphically indicated in the chromatograms'

fngle Iffioratory MCT and
rperchlorat^tjiis retention

Tgures #1 and #2.

13.2 Table 2 shows the precision and accuracy of the perchlorate measi
fortified concentrations, in reagent water, simulated high ionic
simulated high organic content water (HOW), ground water, u|
and treated surface water. The mean perchlorate recovered cor
relative to the fortified level) and the precision (expressed as %Rl
analysis) are tabulated. The HIW was designed to simulate a high if

fer(I
"Surface wal

IsP*:ation (accuracy
x>f the replicate

strength field
sample and the HOW designed to simulate a high organic content fielcns|mple. The
HIW was prepared from reagent water which was fortified with the common anions of
chloride at 400 mg/L, carbonate at 600 mg/L, and sulfate at 500 mg/L. The HOW was
prepared from reagent water fortified with 10.0 mg/L fulvic acid.
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13.3 Table 3 shows the stability data for perchlorate held for 35 days and stored under
various conditions. Conditions investigated included sample bottle construction (HOPE
plastic vs. glass), storage condition (refrigerated vs. held at room temperature) and
various matrices including some with a measured perchlorate concentration assumed to

microbiological constituents acclimated to the presence of the anion. Matrices
rchlorate were fortified at 25 ug/L. Each data point in this table represents

jent recovery following triplicate analyses. These data were used to
ilding times shown in Section 8.3.

omatograms overlaid in Figure 2 and the linear
the results of the single laboratory MCT

HF AS 16 but also the ASH and ASS. The chromatograms
"xclusive to the AS 16 column.

^H Table 4, in conju
^Ipgression plots in

^termination, fo
sn^te-;ffi,IJiuJii

14.1 Pollution preventi
or toxicity of w
prevention exist i

technique that reduces or eliminates the quantity
5oint of^j®^|ation. Numerous opportunities for pollution

"atory operatioTlfche EPA has established a preferred hierarchy
of environmental mMagemenj^echnique^^^places pollution prevention as the

lenevewfeasible, laboratory personnel should usemanagement option of first
pollution prevention technil
be feasiblely reduced at the
option.

;ss their vi5|ste generation. When wastes cannot
:e, thell|ency re^ljgrnends recycling as the next best

14.2 Quantity of chemicals purchased sr
and the disposal cost of unused material
reflect anticipated usage and reagent stal

14.3 For information about pollution prevention tf
research institutions, consult "Less is Better: Lal
Waste Reduction," available from the American
Government Regulations and Science Policy, 1155
20036, (202) 872-4477.

15. WASTE MANAGEMENT

xpe
agent pre

rjng its shelf-life
should

able tOTaboratories and
iBkiicmical MaTOgemejjt for

al Society's Depl
6th Street N.W.,

15.1 The Environmental Protection Agency requires that laboratory w^fe management
practices be conducted consistent with all applicable rules and regul^^ns. Excess
reagents, samples and method process wastes should be characterizedai|d disposed of in
an acceptable manner. The Agency urges laboratories to protect the air, water, and land
by minimizing and controlling all releases from hoods and bench operations, complying
with the letter and spirit of any waste discharge permit and regulations, and by

309.0 - 31



complying with all solid and hazardous waste regulations, particularly the hazardous
waste identification rules and land disposal restrictions. For further information on
waste management consult the "Waste Management Manual for Laboratory Personnel,"
available from the American Chemical Society at the address listed in Section 14.3.
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C h r t o g r a p h y . " A;

Services, Sarfltiion and

2.

3. "Perchlorat
Operating Pi
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Report on the interla
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17. TABLES, DIAGRAMS. FLOWCHARTS AND VALIDATION DATA

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
LIMITS IN REAGENT WATER FOR PERCHLORATE.

Conditions and Equipment(a):
Dionex DX500
1000 uL
50 mM NaOH
1.5

Colif
Typic
Suppres
Detectors:

Determined MCT

Recommended method total

16, 4 mm / AS 16, 4 mm

TRA (P/N 53946), external water mode, 300 mA current
fessed Conductivity Detector, Dionex CD20

Sckground Conductivity: 2 - 3 uS

nutes (may be shortened to 12 minutes)

Analvte Retention Times and ftion Limits (MDLs):

Analyte
Retention Time(c)

(min.)

Perchlorate 10.1 ±0.2

(a) Mention of trade names or commercial products
recommendation for use.

(b) This was the single laboratory MCT determined for f
for more detail as well as data pertaining to the AS 11 an

(c) Reference to chromatograms in Figure 2 and 3.

endorse

ble 4 and Figure 3
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TABLE 2. SINGLE LABORATORY PRECISION AND RECOVERY FOR
PERCHLORATE IN VARIOUS MATRICES

Matrix Unfortified Fortified
Conductivity Cone. Cone. # of Mean Mean

uS (ug/L) (ug/L) Reps. (ug/L) %RECSD(n-l) %RSD

Syn
Inorg;

Syntheti
Organic

Ground Water
(high TDS)

Untreated Surface
Water

Chlorinated
Surface Water

(a) <MRL =analyte was not detected a
(b) Synthetic High Inorganic Water wa |̂|lpired Tf^reagent

common anion levels of 400 mg/L chl^Se, 500 mglfesulfat
(c) Synthetic High Organic Water containe^^) mg/L ful

untreated surface water) fortified into reajSlkwater.

Note: These data were collected using the equip

101%
105%
86%
96%
96%
103%
106%
106%
112%
113%
105%
112%

0.43
0.89
0.27
0.46
0.38
1.12
0.54
0.62
0.24
0.29
0.23
0.63

10.6%
3.4%
7.9%
1.9%

10.0%
4.4%

12.8%
2.3%
5.4%
1.0%
5.6%
2.3%

urn reporting level (MRL) of 4.0 ug/L.
,er and contained synthetic high TDS or

600 mg/L carbonate,
•acted and crystallized from
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TABLE 3. STABILITY STUDY RESULTS FOR PERCHLORATE IN VARIOUS MATRICES
jA. Stability when stored in various sampling bottles - All stored at room temperature

Matrix Bottle type Unfortified Fortified
Cone.(ug/L) Cone.(ug/L) DayQ

Analyte % Recovery
Day 7 Day 14 Day 28 Day 35

Reagi

Clear Glass
iber Glass

paqtueaiuPE Plastic
Transluclk HDPE

PlasI

<MRL(a>

<MRL
<MRL
<MRL

/•'$'$&•
;.'̂ 3 |̂:.:-.
fr?^5? I:;A;_____

25.0
25.0
25.0
25.0

108% 101%
108% 101%

88%
91%

91%
'90%'

109%

108% 97%
108% 105%

92%
93%

89%
90%

107%
107%
108%

B. Stabilit
All samples

Matrix

various matrices under dif
•ed in HDPE, opaqi

rage conditions -
ftes and fortified with 25.0 ug/L perchlorate.

jifpfaw'*', *,, Unfortified Matrix
'^Unagiflffli^'' Conc.(ug/L) Cond.uS DayO

Analyte % Recovery
Day 7 Day 14 Day 28 Day 35

Reagent Water
MRL

< 1
104% 104%
104% 102%

95%
94%

87%
88%

107%
107%

Treated Surface
Water #1

Room TemnJ
Refrige^

109% 105%
109% 102%

101%
100%

99%
97%

Treated Surface
Water #2

Room Ter
Refrigerated

107% 115%
107% 113%

102%
103%

99%
99%

111%
108%
113%
111%

Untreated Surface
Water #1

Room Temp.
Refrigerated

106%
105%

110%
111%

Untreated Surface
Water #2

Untreated Surface
Water #3

Room Temp.
Refrigerated
Room Temp.
Refrigerated

107%
107%

Untreated Surface
Water #4

Room Temp.
Refrigerated

<MRL
<MRL

Ground Water #1
Room Temp.
Refrigerated

<MRL
<MRL

107%
107%

C. Stability of native perchlorate in matrices stored under different storage conditions
All samples stored in HDPE, opaque sampling bottles. ,|p|

Matrix

Ground Water #2
(with native C1O4')

Ground Water #3
(with native C1O4")

Ground Water #4
(with native C1O4")

Storage Condition
Room Temp.
Refrigerated
Room Temp.
Refrigerated
Room Temp.
Refrigerated

Matrix Cond.
uS

603

960

750

DayO
1090
1090
1010
1010
439
439

Measured con
Day 7 I
1110
1110
1040
1040
450
441

iH

1010
1020
427
427

8»l#" ^
may 28

990
k 1010
^50

940
407
400

w^i'i,
Day »

1100
1110
1000
1030
434
434

(a) <MRL = analyte was not detected above the laboratory minimum reporting level (MRL) of 4.0 ug/L.
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Note: Each data point represented the average from triplicate analysis.
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TABLE 4. SINGLE LABORATORY RESULTS FOR THE DETERMINATION OF
_______MCT - Determination on the AS16, ASH and the ASS.___________

AS16 Studies - Perchlorate fortified at 25 ug/L
Sample Conductivity

uS
RT

min. j C1O4-, ug/L
I Measuredi %Rec Area Height A/H ratio PDA/H

25.3 101% 20268 1151 17.6 0.00%
26.0 104% 20799 1135 18.3 4.07%

105% 21060 1144 18.4 4.54%
105% 20998 1112 18.9 7.24%
101% 20170 1028 19.6 11.4%
97% 19307 954 20.2 14.9%

MA(8( 5.1 100% 20038 932 21.5 22.1%
MAnooov 743 Q7% 1Q400 R7K 77 1

A.S11(C) Studies - fbrtifiec
Sample Cone

uS 511 %Rec Area Height A/H ratio PDA/H

LFB < 1 25.0 1100% 25213 1591 15.8 0.00%
MA(50)(a) 540 25.2 1% 25445 1515 16.8 5.98%
MA(IOO) 932 9.0
MA(200) 1770 (b) 9.0

25192 1486 17.0
96%1 »24340 1384 17.6

6.98%
11.0%

MA(400) 3570 9.0 H»,94% 1*3855 1243 19.2 21.1%
MA(600) 5010 9.0 1101 20.8 31.4%
MA(800) 6450 8.9 870 23.3 46.8%
MAODQQI. 67R 7.S.7

AS5(d) Studies - Perchlorate fortified at 25 ug/L W
Sample Conductivity

uS
RT
min. C1Q4-, ug/L

! Measuredi

LFB < 1 9.7 22.75
MA(50)(i 540 9.7 24.89 99.6%
MA(IOQ) 932 9.7 23.72 94.9%
MA(200) 1770 (b) 9.7 22.99 92.0%
MA(400) 3570 9.6 23.51 94.0%
MA(600) 5010 9.6 23.84 95.4%
MA(800) 6450 9.6 21.01 84.0%
MAM mm 7R70 Q.fi 7795 Ql R%

(a) "MA" indicates mixed common anion solution with each anion (chloride, sulfate a Bicarbonate) included
in the sample matrix at the parenthetical mg/L concentration for each anion. ^f

(b) If the regression analysis is not performed on these data, 5010 uS, 1770 uS and 1770 uS would be the
default MCT for the AS 16, AS 11 and ASS, respectively, as described in Section 9.2.8.10. See Figure 3
for a graphical representation of this data, applying a regression analysis of PD^ vs for Conductivity for
the AS 16, ASH and ASS.

(c) AS 11 conditions: See reference #2 and #3.
(d) ASS conditions: See reference #1.
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TABLE 5. INITIAL DEMONSTRATION OF CAPABILITY QC REQUIREMENTS.
Requirements mor to beginning any analysis batch

Reference Requirement Specification and Frequency Acceptance Criteria

Sect. 9.2.2
9.3.J

Initial
monstration of

stem
[d

Analyze a method blank (LRB) and
determine that all target analytes are below
'/z of the proposed MRL prior to
performing the IDC.

The LRB concentration
must be <'/2 of the
proposed MRL.

Initial
Demonstratiofll
Accuracy (IDAS

AnalyzgJ replicate LFBs fortified with
at 25 ug/L. Calculate the

•ed concentration (Cs)
ion in Section 9.2.3.

The Cs must be ± 10% of
true value.

Sect. 9.2.4

Sect. 9.2.5

Culate percent relative standard
leviation (%RSD)of IDA replicates.

See Edfration in Section 9.2.4.

The %RSD must be < 10%

Qualitylfjpfrol
Sample (QCS)

in reestablishing calibration or
analyze a QCS from an

The QCS must be ± 20%
of the true value.

rce.

Sect. 9.2.6

Sect. 9.2.7

Method Detection
Limit (MDL)
Determination

, at 3-5 times the
limit.

i£ate LFBs*1"
Sing equatlSfyn Section

Minimum
Reporting Level
(MRL)

The low CAL standard can
wer than the MRL,

L MUST be no
-erthaTllklowCAL

standard

Sect. 9.2.8 Matrix
Conductivity
Threshold (MCT)

Prepare a series of LFEP
containing a suggested per!
concentration of 25 ug/L, at
increasing fortified levels of common
anions. Measure sample conductance and
analyze each, calculate average A/H ratios
and PDftjH (using equation in Section
9.2.8.8). Perform linear regression to
calculate MCT (using equation in Section
9.2.8.9) or follow step outlined in Section
9.2.8.10.

tbased upon linear
?n, mpoint where

gh
ance obs

ast fortified M
le to yield a

e below 20%.
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TABLE 6. QUALITY CONTROL REQUIREMENTS (SUMMARY).
Requirements specific for each analysis batch

Reference Requirement Specification and Frequency Acceptance Criteria

Sect. ample Holding Perchlorate 28 days
No Preservation technique required.
Room Temperature adequate for shipping
and storage.

Holding time must not be
exceeded.

Sect/ libration curve using a linear
At least 5 calibration

recommended.

MRL MUST be no lower
than the lowest calibration
standard

Sect. 9.3.2

Sect. 10.3.1

Jesigned to verify Matrix Conductivity
ThresMll(MCT). Prepare mixed common

! at the MCT (prepared
i procedures in Section

[je sample's conductance
'inning of each

Prepared within ±10% of
the MCT.

IPC solution conductance
verified to within ± 25% of
original measured value
(when originally prepared)

PD.VH, (when compared to
the original A/HLPB) must
be < 25%.

Initial
Calibration
Check (ICCS)

nalyze at
halysis batch.

ovenes must fall
n85- 115%

With eacrHijalysis bate
calibration arafae MRL
initial low-leve!
check standard (1C

Recovery must be 80-
120% of the true value.

Sect. 10.3.2 Continuing
Calibration
(CCCS) and
End Calibration
Checks (ECCS)

Alternately analyze s<
level CCCS/ECCS aftel
and after the last sample in
batch.

Sect. 9.3.1 Laboratory
Reagent Blank
(LRB)

Include LRB with every analysis batch (up
to 20 samples)
Analyze prior to analyzing field samples

Sect. 9.3.1.1
through
9.3.1.2

TREATED
Laboratory
Reagent Blank
(LRB)

REQUIRED in any analysis batch which
includes samples which have exceeded the
MCT and have been treated in any way to
reduce the common anion levels.

:rchlorate must be
MRL

Sect. 9.3.3 Laboratory
Fortified Blank
(LFB)

Laboratory must analyze LFB in each
analysis batch following the ICCS.
Calculate %REC prior to analyzing
samples

Recovery for LFB MUST
be 85 - 115% prior to
analyzing samples. Sample
results from batches that
fail LFB are invalid.

309.0 - 39



309.0 - 40



TABLE 6. QUALITY CONTROL REQUIREMENTS (SUMMARY CONTINUED).
Requirements specific for each analysis batch

Reference Requirement Specification and Frequency Acceptance Criteria

Sect. 9.^

Sect. 11.1.4.2

boratory
Sample
,FM)

Must add known amount of perchlorate
to a minimum of 5% of field samples or
at least one within each analysis batch.

LF

Whi

|! ubsequen
* unfortified

lust be fortified above the native
no greater than 10 x the
sample concentration,

target analyte recovery using
(Sect. 9.4.1.3).

sample exceeds the MCT and
is employed to reduce the

ion levels, an additional LFM
red from this matrix and

ted exactly as the

Recovery must be
80 - 120%

If fortified sample fails the
recovery criteria, label both
as suspect/matrix.

Same criteria, recoveries
must be 80-120%.

Sect. 9.4.3 Field or
Laboratory
Duplicates

laboratory
t'5% of field

eachr a
batch,

the relativ
formula

RPDmustbe± 15%.

ternate
analysis, i

d pass
pr(P

Sect. 6.1.2.2 ALTERNATE 1C
analytical column
performance
criteria

If a laborator;
analytical colu
must be hydrophi
for Peak Gaussian
equation (Sect. 6.1.2.2)!
demonstrate proper and
chromatographic band eluti

'all between
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TABLE 7. EXAMPLE SAMPLE ANALYSIS BATCH WITH QUALITY CONTROL
REQUIREMENTS

Injection
#

Sample
Description

Acceptance
Criteria

formance Check Standard at MCT PDA/H forIPC<25%

boratory Reaffat Blank (LRB) MRL

Recovery of 80 - 120%

Sample 3 normal analysis

10

17

Sample 4 normal analysis

CCCS (25.0 ug/L) 20.0 t

18 Sample 11 (failed MCT, matrix conductance = 8000 uS) -
Analyzed diluted (Section 11.1.3) by factor of 2 or by 50%
with reagent water (diluted matrix conductance = 3800uS).

MRL increa
noted in

ug/L,
sample

19 Sample 12 ^ \1 kmal analysis
j ig^,_____

20 Sample 13 norr analysis

CONTINUED TO NEXT PAGE
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Injection
#

Sample
Description

Acceptance
Criteria

21 Sample 14 (failed MCT, matrix conductance = 15000 uS)
Analyzed diluted (Section 11.1.3) by a factor of 3 or by

with reagent water (Diluted matrix conductance =

MRL increases from 4 to 12
ug/L, noted in analysis report -

No perchlorate > 12ug/L
measured - project required

monitoring to MRL - sample
pretreatment is therefore required

22 ||| Ba/Ag/H Pretreate^RB 3.1.1) 1/2 MRL

23 jjample 14 - Ba/A
jtment the matrix

ton 11.1.4), following
230 uS.

normal treated analysis
perchlorate < MRL of 4.0 ug/L

24 Section 11.1.4.6) Recovery of 80 - 120%

25

28 Sample 18

29 Sample 19"

30 ECCS (100^g/L) 80 to 120^g/L

(a> If no analytes are observed above the MRL f^Bksample, an*!
values should be selected as the laboratory dupl^H^ Alte;
the laboratory duplicate ensuring the collection of

(b) Sample #19 (inj #29) was the final field sample permitt
analyzed. Sample #14 (inj #21 and #23) was analyzed bo
a treated sample, therefore it accounted for two "field sample
analysis batch (Section 3.1).

Note: Sample #11 and #14 illustrate examples of proper ways to handle sample matrices
MCT.

mple which contains reportable
an be selected and reanalyzed as

and subsequently as
the rnaStltoum of twenty in an
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FIGURE 1. CHROMATOGRAM OF PERCHLORATE IN REAGENT WATER
(Conditions as indicated in Table 1)

-0.100
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FIGURE 2. STACKED CHROMATOGRAMS INDICATING INFLUENCE OF HIGH CONCENTRATIONS OF COMMON ANIONS
ON PERCHLORATE MEASUREMENT (Conditions as indicated in Table 1)
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FIGURE 3. REGRESSION ANALYSIS OF THE MCT DETERMINATION DATA
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